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Worldwide Migrations, Evolutionary Relatedness 
and Reemergence of Phytophthora infestans in 
Asia
A constraint to potato production and 
global food security worldwide
Has increased in incidence, 
geographical and host range
Phytophthora infestans sporangia 
Spread by sporangia – spread in 




Late blight epidemics in the US in 2009 
Emergence of US-22 strain
• Climate change – rainy season
• Movement of infected tomato transplants
• Susceptible varieties
Management recommendations
fungicide use, including solutions
for organic growers













use = $20 
million/year
Objective: improve management tools
Slide courtesy of H Judelson
USABlight.org –Disease alerts








23 on both hosts



















































Mefenoxam Sensitivity by lineage
-US-8 and US-11 
resistant to mefenoxam






P. infestans LAMP  Assay
• Ideal for diagnostic protocols
– LAMP primers designed specific for  P 
infestans
– Rapid protocol can be adapted to field 
situations
– Amplification product can be visualized in 
the field with visual nucleic acid stains (e.g. 
SYBR green or HNB)
– Can be adapted to lateral flow devices(LFDs)
Example of positive and 
negative LAMP reaction.  
Ladder is 100bp.
Samples with SYBR green.  The three samples on 
the left are positive
Sensors for plant disease 
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Axis 1 (56.2%)
We can differentiate three tomato 
pathogens by VOC’s before symptoms
Classification accuracy: ~93% 




Li, Z. et al.,  2019. Noninvasive Plant Disease Diagnostics Enabled by Smartphone-
Based Fingerprinting of Leaf Volatiles. Nature Plants 5:856-866
Sensor based late blight mapping
Big questions about 
historical P. infestans
• What lineages are circulating in US today and where 
are they from?
• What lineage caused the famine?
• Where did the famine lineage come from?
• Has this pathogen always had a large genome?
• Has effector diversity changed with time?
• Are historical genotypes still circulating?
• Did same lineage cause disease in the US and Europe?
• How far did the famine lineage migrate?
Over 1200 samples of P. infestans in 
mycological herbaria
Did US-1 lineage cause the famine?
• Herbarium specimens: use for the first time to 
study historical late blight epidemics.
• Historic late blight was not caused by Ib lineage –
but a Ia lineage – The Ib lineage emerged later
• Multiple mt lineages in Central America in mid 20th
century
Ristaino et al, 2001, Nature 41:695-697
May and Ristaino, 2004, Mycol. Res. 108:171-179.
Isolate Haplo Date     MspI restriction site 
 
93-3     1a  1993    AATTTCTCCAACAAAACTACTTGAACCTGGAATAGACATATTTGCTAATACATAAATAAA 
188.1.1  1b  1996    AATTTCTCCAACAAAACTACTTGAACCCGGAATAGACATATTTGCTAATACATAAATAAA 
18-94    11a 1996    AATTTCTCCAACAAAACTACTTGAACCTGGAATAGACATATTTGCTAATACATAAATAAA 





6           1847     AATTTCTCCAACAAAA-T-CTT-AACCTGGAATAGACATATTTGCTAATACATAAATAAA 
22          1875     AATTTCTCCAACAAAACTACTTGAACCTGGAATAGACATATTTGCTAATACATAAATAAA 
33          1886     AATTTCTCCAACAAAACTACTTGAACCTGGAATAGACATATTTGCTAATACATAAATAAA 
31          1884     NATTTCTCCACC-NAANTT-TTGAACCTGGAATAGACATATTTGCTAATACATAAATAAA 
186882      1902     AATTTCTCC-ACA---CC-CTTGAAC---G-ATTGACATAT-TGCTAAT-CAT--ATAAA 
186890      1906     AATTTCT-CNAC-AA-CC-CTTGANCCTGGAATAGACATATTTGCTNATACATAAATAAA 
186875      1916     AATTTCTCCAACA-AACTAC-TGNACNTGGNAT-GACATATTTGCTAATACATAAATAAA 
186864      1919     AATTTCT-C-AC-AAACTACTT-AACCTNGAAT-GACATATT--CTA--NCAT-N-T-AA 
186869      1922     AATTTCTCCN-CAAAA-A-CTTGAACCTGGAATAGACATATTTGCTAATACATAAATAAA 
186872      1928     AATTTCTCCAACAAAACTACTTGAACCTGGAATAGACATATTTGCTAATACATAAATAAA 




Pathogen Genome Sequenced 
• Genome is highly 
expanded –repetitive -
75%
• Effector diversity –
Avirulence proteins 
needed to overcome host 
resistance 
• What is driving 
expansion? Breeding?
• Pathogen/population  
genomics and databases
Haas, B. J., et al.  2009. Nature 461:393-398
How different is modern P. infestans 
genome from the genomes of historic
P. infestans
Genome evolution of P. infestans
Collaboration with Univ. Copenhagen 
Martin, M. D. et al. 2013. Nat. Commun. 4:2172 doi: 10.1038/
•Highly supported monophyletic clade for historic samples
•Sequenced US-8, US-22 and US-23 lineages
•T30-4 intermediary position and modern genomes in a distinct clade
•Samples from modern and historic time periods differed by > 120,000 SNP’s
•Pi1845 and Pi 1889 differed by > 12,000 SNP’s
•Differences between the European historical samples from the 1840s and the 1870s and 
1880s suggest that the pathogen was brought to Europe more than once.
Mike Martin 
and Tom Gilbert
Fewer effectors in historic samples
• Effectors deleted in gene sparse regions
• Avirulence genes considered important 
for pathogenesis were absent in historic 
genomes. 
• Expansion of effectors over time
• Virulent form of Avr2 and Avr3a were 
absent in historic samples
• In the areas of the genome that today 
control virulence, there was little 
similarity with historical strains, 
suggesting that the pathogen has evolved 
in response to human actions like 
breeding  disease-resistant potatoes.
Figure 2 | Visualization of sequencing coverage distribution across all
reference RXLR effectors. Bar heights represent the mean-normalized
coverage of 583 reference RXLR effector genes in the resequenced 
genome of a particular sample). 
Mitogenomes
• Herb-1 lineage persists in P andina (Ia) 
from S. betaceum (red)
• Two distinct Herb-1 mt lineages –diverged
• Herb-1 mtDNA lineage not strictly 
associated with FAM lineages of P. infestans
Nuclear genomes - 6 lineages
• P. andina  shows mixed ancestry with 
famine lineages and outgroup species 
indicating hybrid, basal in tree
• Famine era lineages form highly supported 
sister clade at base of tree
• US-1 and Mexican lineages diverged
later
• Modern Mexican lineages and US 
aggressive lineages – admixture- MX likely 
source of some AGG lineages
• Modern SA lineages (EC-1, PE-3, BR-1) from 
domesticated potato most derived
• Probably ancestral lineages of the 
pathogen exist on wild Solanum hosts in SA
Genomic characterization of South American 
Phytophthora hybrid mandates reassessment 
of geographic origin of Phytophtora infestans. 
Martin et al, 2015. Mol. Biol. Evol. 33:478-491
Did 19th century P. infestans in 
the US  migrate to Europe?
• Late blight first to US in 1843
• Reports in Europe and Ireland by 
the fall 1845 
12 Plex SSR data -modern and historic US/SA 
samples   
K=4
• US/EU historic lineages cluster into one group –named FAM-1 
lineage
• The oldest South American samples from Colombia share allelic 
similarity with historic US and EU populations.  
• US-1 (Ib) lineages forms a second group
• Modern South American (SA) and Irish lineages form a third 
group. 
• The US-23 lineage clusters with SA lineages 
• Central American, Mexican and Modern US aggressive  lineages 
(US-6, 7, 8, 11, 22, 24) share allelic diversity with Mexican lineages 





Modern SA Central America Mexico US Modern
Ireland
Plos One December 28, 2016
• FAM-1 lineage – not extinct. 
• Remained in US for 100 
years. 
• Same lineage caused disease 
in US and Europe during 
famine and into early 20th
century




Earliest known confirmed 
occurrences of FAM-1
• Japan- 1901
• Russia – 1903
• The Philippines – 1910








• Thailand – 1981
• Bhutan – 1986








Liyun Guo et al 2010 – Chinese 
populations
Asian baseline SSR 
data P. infestans
• Neighbor joining tree of 7 SSR loci, 
1000 bootstrapping repetitions
• FAM-1 was oldest lineage and 
widespread in Asia. Shows no 
strong grouping by geography- was 
widespread
• US-1 migrated – mid 20th century-
China, India, Bhutan, Thailand
• SIB-1 dominant lineages 1998-2004 
China. First found in Russia
• MO-6 - clusters with CN-11, US-16 
-modern Chinese lineages than 
FAM-1
• More recent aggressive lineages –




• Minimum spanning 
network of 7 SSR loci
• SIB-1 and variants form 
group with CN-11.1
• 13A2 forms group with 
CN-9 and variant
• CN-10 closely associated 
with US-1 and variants





Asia SSR baseline data
• Structure analysis of 12 SSR loci 
(clone corrected, no admixture 
model)
• Optimal K=5 based on Structure 
Harvester
• SIB-1 and variants formed unique 
group
• CN-11.1 and US-16/16.1 formed 
group
• CN-9.1/10, MO-6, formed group 
that showed some similarity to a 
couple of herbarium samples
• I will deposit baseline lineage DNA 
with CIP China
China
Improve plant disease diagnostic clinics 
and training globally
• Workshop June 2011 - 25 students – 9 countries, gender and ethnic 
diversity in selection – Univ. Costa Rica
• Sept 29-Oct 4, 2013 at Pan American University, Zamorano, Honduras
• Sept 2015, Bangalore India
• Oct. 10-15, 2015, National Taiwan Univ. Tapei
• May 8-20, 2016 BecA Hub Kenya
• May 2018, Univ. Catania Sicily  
Future research and capacity building
Population genotyping
• Expand Phytophthora Diagnostics Training to include bionformatics module. 
Conduct genotyping and bioinformatics workshop. Use actual data sets –
“Phytophthora hack-a-thon”
• Ran a bioinformatics workshop CIP – Peru, 2016, provided SA SSR standards 
• Provide DNA standards to other global network of SSR labs (Africa, Asia)
• Start a GlobalBlight Network.
• Continue to train individuals and labs to run SSR genotyping- build human capacity
• Develop an open database that can be queried for identification of major SSR 
lineages –North America, Mexico, and South America. Africa, Asia
Detection: 
• Link sensor detection to real-time monitoring
• Genotype sensor 
• Need fast geospatial mapping of late blight
Risk- based modeling using climate data
• Analyze US outbreak data using weather modeling- Chris Jones, Center for 
Geospatial Analytic
• Link sensors with weather models
J. Ristaino’s laboratory website
http://ristainolab.cals.ncsu.edu/
www.globalfoodsecurity.ncsu.edu/
